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930 monitoring wells. About 30 percent (300+/-)

dedicated or unused wells




Climate Sensitive Wells

Wells that do not
apparently respond
to climate (~500)

Wells with apparent

long-term climate

signature (~400)
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Current hydrograph for well 91244
Location {TRS}: 81S684E26CDDD Td: 45 Aquifer: 116ALVH
Precipitation: departure from yearly average for selected

NWS stations in the corresponding climatic division

Current hydrograph for well 84687
Location (TRS): 29N22H29ADCB Td: 231 Aquifer: 112ALVH

Precipitation: departure from yearly average for selected
NWS stations in the corresponding climatic division
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Departures from quarterly average water
level: climate sensitive wells

Very wet
Moderately wet | 1
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Moderately dry
Very dry 2

: 1996 1998 2000 2002 2004 2006 2008 2010

Year 30-month statewide Standardized
Precipitation Index

. Percent of wells below
quarterly average




Statewide monitoring network:
Percentage of wells below average and
SPI: 1996-2010

March 1996

Percent of wells below average




Cyclic precipitation departures

Precipitation varies from long-term averages at multiple
time scales. The variability is complexly related to ocean/

atmospheric conditions monitored through indices such as
ENSO, PDO, AMO, TAG, and others.
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El Nino / La Nina and the Southern
Oscillation (ENSO)
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El Nino / La Nina and the Southern
Oscillation (ENSO)

Typical Jan-March periods during
moderate/strong El Nifo episodes,
feature a strong jet stream and
storm track targeting the southern
part of the United States.

Typical Jan-March periods during
moderate/strong La Nifa episodes,
feature a variable Pacific jet stream
and more northerly storm track.

Conditions are colder and stormier
than average across the North.
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http://www.cpc.noaa.gov/products/analysis _monitoring/ensocycle/nawinter.shtml



Pacific Decadal Oscillation (PDO)

monthly values for the PDO index: 1900-September 2009

-2

4
1900

1920 1940 1960 1980 2000

The leading principal component of monthly SST anomalies in
the Pacific Ocean, north of 20N latitude. 20th century PDO
"events" have persisted for 20-to-30 years.

http://jisao.washington.edu/pdo



Pacific Decadal Oscillation (PDO)

(a) Oct-Mar temperature - PDO

In the Pacific Northwest,
cool PDO-phase winter-
time temperatures tend to _
be lower, and precipitation of ’ :
amounts greater than 2 - —
during warm PDO-phases.

degrees C

The PDO entered a cool AL S
phase in late 2007 :

http://cses.washington.edu/cig/pnwc/clvariability.shtml




Climate forcing and hydrologic
records

Hanson et.al., using spectral analysis of hydrologic records
(including groundwater levels) from four basins in the
southwestern United States found that:

* Up to 80 percent of variations in reconstructed
components can be correlated at corresponding time
scales to variation in climate indices.

 PDO-like components (10-25 yr durations) were the
largest contributors to cyclic hydrologic variability but

ENSO signals (2-6 yr durations) were present in all
basins.

Hanson, R. T., Dettinger ,M. D. Newhouse, M. W., Relations between climatic variability and
hydrologic time series from four alluvial basins across the southwestern United States, Hydrogeology
Journal (2006) 14: pp 1122-1146




Climate forcing: synthetic example
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Th Madison Limestone is several
hundred ft below land surface at wells

where water levels are monitored.
P B 1




Madison Limestone hydrographs
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Madison Limestone hydrographs
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Madison Limestone hydrographs
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Hydrograph from well 2526

Total depth 40 ft: completed within the Kootenai
Formation in the Giant Springs discharge system

Climate?

Altitude: ft above me
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48 and 60-month SW SPI’s

3

2 —48-month SPI ¥

1 ) TS Ay

N— \ @ : W RV o ‘ "

0 % Lbl.v-Aml w‘“[ - . ' - i A ' / " i ) )
1 A : WY

-2

3

3

Since about 1980, trends in the 48- and 60-month
SPI’s have been towards dryer conditions.




Hydrograph from well 2526

De-trended climate signal(?) and de-trended 60-
month Southwestern Climate Division SPI
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De-trended SWL departure and 60-
month SW SPI
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De-trended 60-month SW SPI




Discussion: ENSO
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Pacific Decadal Oscillation

Apparent long-term cycles in the PDO, roughly coincident with
its warm/cool phases, are shown by the smoothed trend line.
The smoothed line is the first three principal components of a
SVD decomposition performed by Caterpillar SSA.
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Pacific Decadal Oscillation

The long-term downward trend in water levels from well 2526
follows the current downward trend in the PDO.

The current drying-trend in the 60-month SPI also aligns with
the PDO, but is out of phase prior to about 1970.
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Pacific Decadal Oscillation

Although the long-term trends are in a similar direction, the
15-yr climate signal in well 2526 does not appear to match
similar-frequency fluctuations in the PDO.
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Brought to you by:

Montana Ground-Water Assessment

Ground-Water Information Center: data and
report dissemination.

* Ground-Water Monitoring: long term records
of water levels and quality.

 Ground-Water Characterization: systematic
data collection and interpretation.
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Ground-Water
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